The preparation of a fluorescein-labeled Gardnerella vaginalis polyclonal antibody is described, and its usefulness is assessed for the detection of this microorganism in vaginal samples obtained from 263 women attending the gynecological department of a general hospital, 66 of whom harbored an intrauterine device. The direct immunofluorescence technique was positive for G. vaginalis in 21 % of the specimens, whereas only 12.5% of the total bacteriological cultures were positive. The frequency was higher in patients harboring intrauterine devices since 34.8% exhibited positive immunofluorescence and 30.3% exhibited positive cultures.
Gardnerellac vaginalis is the predominant organism isolated from patients presenting with nonspecific vaginitis (2, 4, 7, 10-13, 17, 21) . In addition, some workers have suggested that the nonspecific vaginitis is in fact a more complex process involving an unknown relationship between G. vaginalis and other anaerobic vaginal bacteria (21, 22) . The term bacterial vaginosis has been proposed (8) .
Isolation of G. vaginalis from clinical material requires complex media, which are difficult to prepare. Owing to the drawbacks that affect most of the methods described so far, we developed a direct fluorescent-antibody technique which allows the detection of the organism in clinical samples and the rapid identification of suspected colonies in cultures.
MATERIALS AND METHODS
Preparation of the conjugate. (i) Preparation of the immunizing material. G. iaginalis strains were obtained from the American Type Culture Collection (strains ATCC 14018 and ATCC 14019). These strains were harvested from WV" agar (23) and suspended in a saline solution. The cells were centrifuged (at 1,000 x g) and resuspended in saline solution to yield approximately 2 x 109 bacterial cells per ml on the basis of the cell concentration of a no. 7 McFarland standard. No adjuvant was added.
(ài) Immunization protocol. Two young adult male rabbits (Flemish giants) were used for immunization, each with one reference strain. Preimmunization serum was obtained from each animal and preserved as a control to assess the specificity of the staining reaction.
The protocol of immunization was as follows: day 1, 1.5-ml intramuscular injection in the shoulder; day 3, 0.5-ml intravenous injection in the major vein of the external ear; day 4, 1-ml intramuscular injection; day 5, 1.5-ml intravenous injection; day 7, 1.5-ml intramuscular injection; day 10, 1.5-ml intravenous injection; and day 13, 1.5-ml intravenous injection. Blood was withdrawn 10 days after the last booster, and afterwards the animals were boostered once a month and bled twice.
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Antibody titers, determined by indirect immunofluorescence by using goat anti-rabbit serum purchased from Burroughs Wellcome Co., ranged from 1/800 to 1/1,200.
(iii) Adsorption of cross-reacting agglutinins. To avoid cross-reactions, the antisera were adsorbed with the following clinical isolates, obtained from vaginal specimens:
Bifidobacterium bifidum, Lactobacillus acidophilus, Lactobacillus jensenii, Corynebacterium pseudodiphtheriticum, Corvnebacterium xerosis, and Corynebacterium group JK, bacteria usually recovered from the vaginal cavity and exhibiting mostly similar morphologies. These bacteria were grown separately for 24 h on heart infusion agar and washed with saline three times. The pellets from the last centrifugation of al the bacteria were then suspended together in one suspension of 2 x 109 CFU/ml in phosphate-buffered saline.
The immune serum and the adsorption mixture were mixed in equal volumes. The mixture was stirred for 4 h at 37°C, for 2 h at room temperature, and finally overnight at 4°C. The nonspecific antibody complexes were eliminated by centrifugation (1,000 x g, 4°C, 20 min). None of the adsorbing strains was detected by indirect immunofluorescence with the adsorbed serum.
(iv) Preparation and testing of fluorescent conjugates. (ii) Collection of specimens and bacteriological study. Vaginal specimens were collected in tandem by using two charcoal cotton swabs and Stuart's transport medium; one swab was used for culture, and the other was used for immunofluorescence examination. The swabs for culture were plated on two specific media: modified starch differential medium (16) and human blood agar medium ("'V" agar) (20) ; the plates were incubated for 48 h at 37°C in an anaerobe jar (GasPak; BBL) (14) . After incubation, G. vaginalis appears as small, colorless, hemolytic colonies on human blood agar plates (5). On starch differential medium agar plates, the colonies become yellowish as a result of the production of acetic acid, which is the major end product of acidic fermentation accumulated in anaerobic cultures (14) . In this study, G. va ginalis was identified by the following characteristics: (i) its susceptibility to metronidazole at 50 FLg per disk (Oxoid) ( min, rinsed again in distilled water, air dried, and mounted on a cover slip by using buffered glycerol (pH 9.0). Smears were examined with the help of a fluorescence microscope, and the degree of bacterial immunofluorescence was graded from 0 to 4+ on the basis of the intensity; a 3+ to 4+ degree of immunofluorescence was considered highly significant.
(iv) Identification of suspected colonies in cultures. A suspected colony was sampled with the end of a straight inoculating wire, and the portion was emulsified in a small drop of water on a microscope slide. After the slide had air dried, the immunofluorescence test was performed as explained above, and the degree of immunofluorescence was graded from 0 to 4+ on the basis of the intensity; a 3+ to 4+ degree of immunofluorescence was considered highly significant.
RESULTS
Characteristics of the conjugates. The individual antisera, obtained before each intravenous injection during the immunization period, were tested separately. The antibody titers varied from one rabbit to another during the immunization process. However, the immune response was enhanced after each booster before reaching a plateau. The A high intensity of fluorescence (3+ to 4+) was observed when the immunofluorescence technique was used for the identification of suspected colonies in the 33 cultures which later turried out to be positive for G. vaginalis by identification methods using biochemical tests.
DISCUSSION
Rabbit immunization with G. vaginalis resulted in a specific immune serum allowing direct immunofluorescence detection of this organism in vaginal smears.
As expected, a high variability was observed in the titers of antibodies, and only the blood samples exhibiting high titers of antibodies were retained and stored. Furthermore, purification and labeling procedures induced a reduction in the titers of the immune serum. No differences were observed between conjugates from strain ATCC 14018 or ATCC 14019; use of the fluorescent conjugate at a high dilution is recommended to avoid cross-reactions, especially with C. albicans. The low intensity of fluorescence was not a major inconvenience since the confusion of C. albicans with G. vaginalis was avoided because of their very dissimilar morphologies. The prevalence of G. vaginalis in different studied populations is high. In 1970, tbunkelberg et al. (3) reported an incidence of 31% in 200 women attending a sexually transmitted diseases clinic, whereas the incidence determined by Stoerjelt et al. in 1983 (24) Concerning the 18 additional immunofluorescence-positive-culture-negative smears, the relationship with the clinical picture was not available. It must also be pointed out that 22 samples showed fluorescence. The finding of immunofluorescent samples associated with negative cultures could be due to different factors: (i) lack of specific and sensitive selective media; (ii) death of the organism in transport; (iii) inhibition of G. vaginalis by rapidly growing bacteria or inability to distinguish the organism in a heavily mixed culture; and (iv) cross-reactivity occurring with other microorganisms, such as Mobiluncus spp. or other fastidious bacteria. On the other hand, antigenic differences between strains isolated from humans and reference strains could be responsible for the weak fluorescence reactivity, although this fact does not explain the negative cultures. The immunofluorescent conjugates recognized G. vaginalis in a mixed bacterial population directly on vaginal smears or on cultures; the identification by the immunofluorescence technique of suspected colonies which later turned out to be G. vaginalis always exhibited clear-cut positive reactions. It is a rapid diagnostic tool and draws attention to possibly positive cultures. In addition, this fluorescent conjugate can be easily used in epidemiological investigations. Finally, the relevance of the technique lies in the fact that G. vaginalis can be detected in specimens from patients treated with antibiotics and whose cultures remain negative.
